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Abstract— A dual band PIFA antenna for portable devices is 
presented. It operates in the 450 LTE (449 − 461 MHz) and GSM 
900 (876 – 922 MHz) frequency bands. The proposed antenna 
which has a very compact size of 7 (0.01λ0) × 7 × 70 (0.1λ0) mm3 
and is suitable to integrate in small envelopes, consists of two 
branches and a metallic patch. The low cost and easily fabricated 
antenna offers high total efficiency and gain in both bands. 
Measured and simulated results are provided. 
Keywords— Planar Inverted-F-Antenna, Compact Antenna, 
Portable Device, 450 LTE, GSM 900 
I.  INTRODUCTION  
The ongoing trend to lower frequencies offers promising 
opportunities for terrestrial mobile and Machine-to-Machine 
applications (M2M). The 450 LTE band for mobile and fixed 
communication has become more attractive compared with 
higher bands [1], it requires a smaller number of base stations 
to give a broad service, covering large areas with a distributed 
population. The corresponding specifications of this new band, 
defined as Band 31 is available as part of LTE Release 12 
specifications maintaining backward compatibility with all 
previous LTE Releases [2].  
The new band is allocated in two sub-bands of 7 MHz each 
in the frequency ranges 451 – 458 MHz and 461 – 468 MHz to 
fixed and mobile radio services operating in frequency division 
duplex mode. In Band 31, instead of narrower 1.4 or 3 MHz 
channels, the optimal channelization scheme that maximizes 
cell throughput is achieved with 5 MHz channels. The 
deployment in the sub-bands allocated by Anatel [3] to a 
frequency spacing between uplink (452 – 457 MHz) and 
downlink (462 – 467 MHz) of only 5 MHz [4-6]. 
As antenna sizes for mobile devices decrease due to the 
limited available space, the performance becomes more 
challenging at the lower UHF frequencies in a dimensional 
trade-off. In the literature there are few reported works on 
embedded antennas in the 450 LTE band. However, there are a 
variety of techniques used to reduce monopole size, including 
folding [7] and normal mode helical techniques [8], but these 
are not appropriate for integration in packaging. In [7, 8] the 
antenna efficiency is not reported and in [8] the antenna 
measured peak gain is not better than -1.5 dBi at 450 MHz. A 
multiband planar antenna based on a meandered structure is 
described in [9] covering the full 450 LTE band. The antenna 
located on a large ground plane of 200 mm × 100 mm with no 
reported efficiency and gain. Lumped elements and diode 
varactors are also used to improve matching, bandwidth and 
control the resonant frequency but can increase cost and 
decrease antenna gain to less than − 8 dBi [10, 11]. In [12-13], 
high permittivity magneto-dielectric ceramic materials are used 
to reduce the antenna size. Both antennas are located on a large 
ground plane size (230 mm × 130 mm) with reported realized 
gain of − 5 dBi (measured) [12] and − 7.5 dBi (simulated) [13] 
at 450 MHz. In [14] the 117 × 60 ×5 mm3 MIMO antenna is 
described providing a -9 dBi maximum simulated realized gain 
at 450 MHz. The efficiency is not reported. 
In this paper a dual band planar inverted-F-antenna for 
portable devices is presented. The low-cost, easy to 
manufacture compact antenna is low-profile, easy to package 
and provides omnidirectional radiation characteristics with 
excellent total efficiency, given its size. 
II. ANTENNA CONFIGURATION 
Fig. 1 shows the geometry of the proposed antenna, which 
is located on a ground plane of a single sided FR-4 substrate 
(εr = 4.1, tanδ = 0.025) of dimension 130 mm × 70 mm (Fig. 2) 
with metallization thickness of 0.035 mm. The ground plane 
represents a typical portable device PCB. The antenna consists 
of three printed FR-4 layers (front, back and top) forming a 
hollow block with dimensions 7 × 70 × 1.5 mm3. At the front 
layer a feeding strip of 2.94 mm width is located 10 mm from 
the left edge of the antenna. The shorting strip is shorted to the 
ground plane and consists of two strips (width 0.3 mm) with 
horizontal and vertical length 5 mm and 1.8 mm, respectively. 
The left arm goes to the left side on the top layer, extended 
along the left side and then connect to the lower strip (c) at the 
back layer. The right arm heads to the right side along the edge 
of the top layer and is connected to the upper strip (a) at the 
back layer. All the strips are printed horizontally to the ground 
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plane with the width of 0.2 mm, lower (c) and upper (a) strips 
on the back side of the antenna are separated by distance (b). 
On the top part of the antenna a long rectangular patch of 
69.2 mm × 6 mm is loaded in order to improve the impedance 
bandwidth of both resonances. As shown in Fig. 4 the loaded 
patch improves the – 6 dB impedance bandwidth from 9.5 to 
11.7 MHz for the first resonance and from 45.5 to 50 MHz for 
the second resonant frequency. The antenna is fed using a 50 Ω 
microstrip line (width = 2.94 mm) with a SMA connector 
below the ground plane. 
 
Fig.  1. Antenna geometry. 
 
Fig.  2. Antenna prototype and coordinate system. 
In order to improve the antenna bandwidth at both 
frequencies, a four element matching network circuit is added 
(Fig. 3) so that the impedance bandwidth at both frequencies is 
wider. The matching network consists of two parallel and one 
serial capacitor of 1.2 pF, 1.5 pF and 3.3 pF respectively and 
one serial inductor of 12 nH. For the simulation model without 
the matching network the antenna for the first resonance 
provides a – 6 dB impedance bandwidth of 5.4 MHz, while for 
the proposed antenna the − 6 dB impedance bandwidth is 
11.7 MHz (Fig. 4). For the second resonance the matching 
circuit improves the impedance matching from – 9.5 dB to  
– 20.5 dB.  
 
Fig.  3. Matching network circuit. 
 
Fig.  4. Simulated S11 results for different configurations. 
III. PARAMETRIC STUDY 
CST MWS was used to carry out a parametric study of 
three key geometrical parameters of the proposed PIFA 
antenna which are depicted on Fig. 1. The proposed values of 
the parameters were optimized to obtain the desired resonance 
bands. 
 Fig. 5 shows the simulated S11 as a function of the length 
(a) of the upper long strip located at the rear side of the 
antenna. From the graph it is seen that increasing the length (a) 
of the upper strip shifts both resonant frequencies downwards 
but mainly the lower frequency. By selecting the proper value 
of the length a = 69.6 mm can be tuned both resonances to the 
desired values. 
In Fig. 6 the simulated S11 results for the separation 
distance (b) between the upper and the lower strips at the back 
side of the antenna are shown. As the separation distance (b) 
increases the coupling effect between the two strips decreases 
and affects both resonances but mainly the upper one. The 
frequency-ratio between the upper and the lower resonant 
frequency Fr = fu/fl continuously increases from 1.6 to 2.2 as 
the value of (b) changes from 7.4 mm to 0.4 mm. The desirable 
frequency-ratio for the proposed antenna is 1.98 which is 
achieved when (b) is 5.5 mm. 
 
Fig.  5. The simulated S11 dependence on the length (a) of the upper back 
side strip of the antenna. 
 
Fig. 6. The simulated S11 dependence on the separation distance (b) between 
the upper and the lower back side strips of the antenna. 
Finally, in Fig. 7 the simulated S11 results of the variation of 
the length (c) of the lower rear side strip are shown. The 
obtained results clearly show that the second resonant 
frequency is heavily dependent on this parameter. As the length 
of the lower rear side strip increases the second resonance can 
be strongly controlled (frequency shifting and impedance 
matching) and the impedance matching of the first resonance 
deteriorates. The optimized value of the parameter (c) for the 
proposed antenna is 23 mm, providing good matching for the 
desirable bands. 
 
Fig.  7. The simulated S11 dependence on the length (c) of the lower backside 
strip of the antenna. 
IV. SIMULATED AND MEASURED RESULTS 
Fig. 8 shows the measured and simulated S11 to be in good 
agreement. The measured impedance bandwidth 
(S11 ≤ − 10 dB) for the first resonance is 452.5 – 458.6 MHz 
(BW = 6.1 MHz) and for S11 ≤ – 6 dB the antenna provides 
impedance bandwidth of 12 MHz, i.e. (449 – 461 MHz). For 
the upper resonance the measured – 6 dB and – 10 dB 
bandwidths are 26.4 MHz (886 – 912.4 MHz) and 46.8 MHz 
(876 – 922.8 MHz) respectively. The simulated results provide 
a – 10 dB and – 6 dB impedance bandwidth of 6 MHz  
(452.7 – 458.7 MHz) and 11.7 MHz (450 – 461.7 MHz) for the 
first band and a – 10 dB and – 6 dB impedance bandwidth of 
28 MHz (892 – 920 MHz) and 50 MHz (880 – 931 MHz) for 
the second band.  
 
Fig.  8. Simulated and measured S11 results. 
For the lowest measured centre-frequency of 454 MHz the 
corresponding wavelength λ0 is almost 660 mm. The embedded 
electrical length of the proposed PIFA antenna is 197.6 mm 
which is slightly over the λ0/4. 
Simulations of the radiation and total efficiency were made 
for 454 MHz and 900 MHz using CST Microwave Studio. The 
measurements were performed using the Wheeler cap method 
[15] using a metallic box of 610 × 610 × 360 mm3. The 
measured and simulated results are in a good agreement and 
are listed in Table I.  
TABLE I  MEASURED AND SIMULATED RADIATION TOTAL EFFICIENCY 
Freq. 
(MHz) 
Radiation Eff. (%) Total Eff. (%) 
Simulated Measured Simulated Measured 
454 16.5 17.3 16 17 
900 57.4 50.5 56 50 
 
In Figs. 9 and 10 the measured and simulated azimuth (x–z) 
and elevation (x–y) and (y–z) plane radiation patterns at 
454 MHz and 900 MHz respectively are illustrated. The 
maximum measured realized gain at 454 MHz and 900 MHz is 
– 5 dBi and 0 dBi respectively. There is good agreement 
between the measured and the simulated results. 
It is observed that the Phi (φ) component provides good 
omnidirectional characteristics in the y–z plane for both 
frequencies, as well as good polarization discrimination is also 
achieved. 
 Fig.  9. Measured and simulated radiation patterns at 454 MHz. 
  
Fig.  10. Measured and simulated radiation patterns at 900 MHz. 
V. CONCLUSION 
In this paper, a dual band planar inverted-F-antenna for 
portable devices at 450LTE and GSM900 was presented. The 
low-cost antenna is easily fabricated covering the uplink band 
of 450LTE (452 – 457 MHz) and GSM900 (880 – 915 MHz) 
respectively. The proposed compact antenna offers good 
omnidirectional radiation characteristics, high measured total 
efficiency and realized gain at both bands. The antenna is low 
profile suitable to integrate into small envelopes with 
additional benefit of a large frequency-ratio range which is 
easy to control. 
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